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THE MORPHOPHONEMICS OF JAPANESE VERBAL CONJUGATION: 
AN AUTOSEGMENTAL ACCOUNT* 
Natsuko Tsujiipura & Stuart Davis 
Indiana University 



1. Introduction 

The morphophonemic alternations triggered by the verbal 
endings in Tokyo Japanese has been well studied (cf. McCawley 
1968, Aoki 1981, Tabata 1983, among others). Much attention has 
focused on accounting for the alternations triggered by suffixes 
beginning with underlying /t/ such as the past tense suffix -ta 
and the gerundive suffix -te. Consider the represenatlve 
alternations triggered by the suffix -ta shown in (1). (Identical 
alternations are triggered by the gerundive -te.) 



/tabe + ta/ 


— > 


[ tabetaj 


'ate' 


/mi + ta/ 


— > 


[mi ta ] 


'saw' 


/tor + ta/ 


— > 


[ tottaj 


"ook' 


/kaw + ta/ 


— > 


[katta j 


'bought' 


/tob -r ta/ 


— > 


[ tonda ] 


'flew' 


/yom + ta/ 


— > 


[yonda j 


' read' 


/sin + ta/ 


— > 


[sinda J 


'died' 


/kas + ta/ 


— > 


[kasi ta] 


'rented' 


/kak + ta/ 


— > 


[kai ta] 


'wrote' 


/kag + ta/ 


— > 


[kaida j 


'sniffed' 



The vowel-final roots in (la) display no alternations. With the 
consonant-final roots in the forms in (lb-d) there are several 
alternations that need to be accounted for. The foims in (lb) 
show complete assimilation of a root-final nonnasal sonorant (/i/ 
or /w/). The forms in (1c) show several processes. There is 
regressive place assimilation in which the root-final consonant 
assimilates in place to the initial /t/ of the suffix. There is 
also progressive voicing assimilation which converts the 
suffix-initial /t/ to [d]. And, finally, there is the 
nasalization of root-final /b/. The forms in (Id) also show 
several processes. There is the epenthesis of the vowel /i/ 
between the root-final consonant and the suffix-initial /t/. 
There is also the deletion of root-final velar stops, and there is 
voicing assimilation in the form /kag + ta/ 'sniffed'. 

Several potential problems emerge from an analysis of these 
alternations. These include accounting for the deletion of velars 
but not other consonants in loot-final position (like in the last 
two examples in (Id)) and accounting for the nasalization of 
root-final /b/ in a context that lacks nasals. The focus of this 
paper, though, will not be on these problems but on the problem of 
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accounting for epenthesis. Specifically, why does /i/ epenthesis 
occur after root-final /k/, /g/, and /s/ in (Id) (which do not 
obviously constitute a natural class) but not after other 
root-final consonants in (lb) and (lc). We offer an analysis of 
epenthesis that crucially relates it to assimilation. We propose 
that the epenthesis rule as evidenced by the data in (Id) is 
formalized so as to break up any sequence of two consonants. The 
failure of epenthesis to apply in the clusters in (lb) and (lc), 
though, is not problematic. Note that the consonant clusters in 
(lb) and (lc) either have undergone total assimilation (lb) or 
place assimilation (lc). In our analysis, which incorporates the 
view of Hayes's (1986a) that assimilation is accomplished by means 
of autosegmental spreading, we show that there is a crucial 
relationship between epenthesis and assimilation. Namely, 
epenthesis cannot split up clusters that have undergone 
assimilation. We argue that the application of epenthesis to the 
assimilatied clusters in (lb) and (lc) would result in an illicit 
crossing of association lines. Assimilation and epenthesis then 
complement each other: epenthesis occurs where assimilation has 
not. Before detailing our analysis, we first consider critically 
some of the previous analyses of /i/-epenthesis. 

2. Previous Analyses 



Previous analyses of /i/-epenthesis have been unable to offer 
a principled account on why the vowel /i/ occurs after roots 
ending in /k/, /g/, or /s/ but not after roots ending in other 
consonants, /k/, /g/, and /s/ do not seem to constitute a natural 
class. In order to handle the problem of /i/ inserting after a 
nonnatural class, McCawley (1968) posits a rule that essentially 
converts velar stops to fricatives before obstruen t-ini tial 
suffixes, such as -ta. Another rule subsequently follows which 
inserts /i/ after any root-final fricative. The velar fricatives 
later delete. Sample derivations of the forms in (Id) under 
McCawley' s account are provided in (2). 
fricative. ) 



(G = voiced velar 



(2) 

(a. Voicing Assm. ) 

b. k,g > x,G 

c. i-epenthesis 

d. velar deletion 



/kas + ta/ 



kasi ta 



[kasita] 



/kak + ta/ 


/kag + ta/ 




kagda 


kaxta 


kaGda 


kaxi ta 


kaGida 


kai ta 


kai da 


[kaita ] 


[kaida ] 



One shortcoming of McCdwley's (1968) analysis is that it posits 
velar fricatives which do not otherwise occui in Japanese. 
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Moreover, even though concerting velar stops into fricatives 
allows for a somewhat more natural epenthesis rule (ie, /i/ is 
epenthesized after root-final fricatives), there is still no 
explanation on why it is that root-final fricatives are involved 
in epenthesis and not some other class of sounds. 

A somewhat similar analysis is that of Aoki (19811 . He, like 
McCawley, tries to form a natural class out of /k/, /g/, and /s/. 
Aoki suggests that these are all (-anterior]. He speculates that 
Japanese /s/ is actually [-anterior] because it is pronounced 
slightly further back than /t/, /d/, and /n/. These latter sounds 
are dental while /s/ is alveolar. The /i/-epenthesis rule then 
would insert /i/ after root-final (-anterior] consonants. Aoki, 
though, does not offer any independent arguments for considering 
Japanese /s/ as (-anterior). Even if there were to be independent 
evidence for considering /s/ in Japanese as (-anterior], there 
still would be no principled reason why it is just root-final 
[-anterior] consonants that /i/ is inserted after and not other 
root-final consonants. 

The nonlinear analysis of Tabata (1983) takes a different 
strategy. Tabata posits that all Japanese verbal roots end in a 
CV-sequence on the CV-tiec. The difference between the verbal 
roots in (la) and those in (Ib)-(ld) is that those in (la) have a 
root-final vowel on the phoneme tier while those in (lb)-(ld) do 
not have a root-final vowel phoneme. In other words, according to 
Tabata, the forms in (Ib)-(ld) all end with a fj*Ml empty V-slot. 
This difference in roots is illustrated in (3). 

(3) a. CVCV b. CVCV c. CVCV d. CVCV 

I I I I III III III 

tabe tor tob kas 

Tabata then posits the following two rules in (4) which apply 
disjunctively: 



(4) a. X > i / 



<r ] 

/ \ stem 
C V 
I 

a _ (_)(*T] 

a velar or continuant 

b. cr ] 

/ *f stem 
C V 
I 

a (_) (+T] 

The rule in (4a) inserts an /i/ into an empty V-slot which is 
before a suffix-initial /t/ and after a velar or continuant 
consonant. The rule in (4b) deletes an empty V-slot whenever (4a) 
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has not applied. We see then that Tabata's analysis of 
epenthesis, despite its nonlinear formalism, is quite similar to 
other previous analyses because it stipulates that the phoneme /i/ 
is inserted after a root-final velaL 01 continuant. There is 
still no apparent reason why it is these consonants that /i/ is 
inserted after and not some otheL set of consonants. Thus ve see 
that previous analyses, whether in a linear ol nonlinear 
framework, stipulate that epenthesis occuls aftei toot-final /k/, 
/g/, and /s/. Even though seme of these analyses attempt to make 
a natural class out of these three consonants, there is still no 
apparent reason why it is these root-final consonants and not some 
others that /if is inserted after. 

3. Assumptions 

Before presenting oui analybi* of Japanese epenthesis. we 
review some crucial aspects of autos^gmental theor\ that we 
incorporate. Firstly, we assume a theo»y of CV-Phonoiogy (eg, 
Clements & Keyser (1983)). We thus view phonological 
representations as consisting of both a CV-tier and a phoneme 
tier. The elements on the CV-tier (which consists of C-slots and 
V-slots reflecting the skeletal pattern of the phonological 
representation) are linked to the elements on the phoneme tier by 
autosegmental association lines. (Although we formulate our 
analysis incorporating a CV-tier it is also compatible with a view 
like that of Levin (1985) that utilizes an X-tier instead.) Thus, 
the Japanese word tabeta 'ate' would have a representation in 
CV-theory like that in (5). 

(5) C V C V + C V CV-tier 
I I I I II 

t a b e t a Phoneme tier 

Additionally, we follov Clements (1985) in viewing 
phonological features as ha zing theii own internal structure. 
Specifically, phonological features that are similar can group 
together on their own tier. For example, features related to 
place of articulation would be grouped together on one tier, 
features related to manner of articulation would be grouped 
together on a second tier, ^hile features related to the larynx 
(such as voicing and spread glottis) would be grouped together on 
a third tier. Thus a phoneme like /t/ would have the 
representation in (6). ;Ve also follow Clements by incorporating 
a supralaryngeal tier which immediately dominates both the place 
tier and the manner tier.) 
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(6) C CV-tier 

I 




Phoneme tier 
Laryngeal tier 

Supralaryngeal tier 
Manner tier <1> 

Place tier 



Finally, ve follow Clements (1985), Hayes (1986a, b) and 
Schein & Steriade (1986) in viewing assimilation as being 
accomplished by means of autosegmental spreading Lathei than by 
feature changing. The formal difference between these two views 
of assimilation, as discusssed by Hayes (1986a), is shown in (7). 

(7) a. Assimilation as Spreading 

C C C C CV-tier 

I I — > w 

it t t Phoneme tier 

b. Assimilation as Feature Changing 

C C C C CV-tier 

I I — > I I 

r t t t Phoneme tier 

One of the main arguments for viewing assimilation as 
autosegmental spreading rather than feature changing comes from 
the way in which geminates would be represented. This is shown on 
the right side of the arrow in (7). In (7a), a geminate is 
represented as one element on the phoneme tier linked to two 
C-slots on the CV-tier. As has been pointed out by Hayes (1986a) 
and Schein & Steriade (1986), the representation of geminates as 
(on the rightside of the arrow) in (7a) provides a natural 
explanation for the phenomena of geminate integrity (ie, the 
inability of rules of epenthesis to split up geminate consonants). 
If epenthesis inserts a vowel phoneme linked to a V-slot between 
two consonants, then epenthesis into a geminate like in (7a) would 
violate the constraint on crossing association lines. This would 
not be the case if geminates were represented as (on the rightside 
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of the arrow) in (7b), where a geminate is Lepresented as two 
separate consorants both on the CV-tier and the phoneme tier. 
This difference is shown in (8). 



(8) a. 



C C C V C 

M — > ^1 

t i t 



CV-tier 
Phoneme tier 



C C C V C 

I I — > I I I 

t t tit 



CV-tier 
Phoneme tier 



Thus, by incorporating the view that assimilation is achieved 
through autosegmental spLeading, it is predicted that epenthesis 
would never occur so as to bLeak up a geminate consonant formed by 
assimilation. As we will shortly see, this prediction is borne 
out by the Japanese data under consideration. 

4. Analysis 

Having discussed the shortcomings of several previous 
analyses of the Japanese i-epenthesis rule in Section 2 and having 
discussed some of our assumptions in Section 3, we now present our 
analysis. Our basic pLoposal is that the Japanese /i/ epenthesis 
rule is quite general in form. We can formalize the rule using 
the nonlinear notation in (9). 



(9) > V / 



CV-tier 
Phoneme tier 
Place tier 



[-back] 



tha t a V-slo t 1 inl:ed to a phonome wi th the 
-back] (ie, /'/) is inserted between two adjacent 



The rule states 
features [+hi, 
C-slots. 

Let us now consider how the /i/-epenthesis rule in (9) 
applies (or does not apply) to the data in (1). Firstly, the rule 
does not apply to the vowel-final roots in (la) because the 
environment for the rule is never met. There are no two adjacent 
C-slots in these forms, as is apparent from the representation of 
tabeta given in (5). Next, consider the forms in (Id). The forms 
in (Id) all meet the environment for the rule since, in each of 
these forms, two C-slots are adjacent. "his is seen in the 
representations of these forms in (10). (The form in (10c) is 
shown after a rule of progressive voicing assimilation has 
applied). 
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(10) a. C V C + C V 

III II 

k a s t a 



C V C + C V 

III II 

k a k t a 



C V C 

I I I 

k a g 



C y 

! I 

d a 



The application of /i/-epenthesis to these forms is shown in (11), 



(11) 



V 

I I 

a s 



C V 



C V 

I I 

t a 



b. 



C V C V C V 

I I I I I I 

k a k i t a 



C V C V C V 

I I I I I I 

k a g i d a 



here, 



(There is a later rule of v^lar deletion, not dealt with 

which deletes the root-final velars in ,7b) and (7c).) 

Let us now consider what happens when we try to apply 

/i/-epenthesis to the forms in (lb) and (1c). The forms in (lb) 
seem to meet the environment for /i/-epenthesis. As shown by 

their representations in (12), these forms have two adjacent 
C-slots on the CV-tier. 



(12) a. CVC+CV 

II! II 

tor t a 



b. C V C + C V 

III II 

k a w r a 



"V-tier 
Phoneme tier 



However, the roots shown in (12) end in nonnasal sonorants (/w/ 
and /r/). Root-final nonnajal sonorants assimilate totally to 
suffix-initial /t'. This assimilation rule can be formulated as 
in (13). 



(13) 



C + C 



CV-tier 
Phoneme tier 



The application of this rule to the two forms in (12) is shown in 
(14). 



(14) a. 



C V C C V 

I I ±\l I 

t o r t a 
( totta] 



C V c c c 

I I h\\ I 

k a w t a 
(katta] 



CV-tier 
Phoneme tier 



Observe that as a result of the assimilation rule, the 
suffix-initial phoneme, /t/, is linked to two C-slots on the 
CV-tier just like the geminate structure in (7a). Given that the 
result of the assimilation rule in (13) is a geminate consonant, 
the /i/-epenthesis rule is unable to apply because the resulting 
forms would have crossing association lines. This is shown 
(15) which is parallel to the hypothetical example in (8a). 



in 
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(15) a. C V 

I I 

t o 



; vcv 
\\. I 
t i a 

I 

r+hi 



C V 

I I 

k a 



1 



l-backj 



;vcv 
\\ I 

t i a 
I 

r+hi 



[ -backj 



CV-tier 



Phoneme tier 



*| Place tier 



Thus the failure of /i/-epenthesis to apply to the forms in (lb) 
follows automatically if we accept the view of Hayes (1986a, b), 
Schein fit Steriade (1986) and others that assimilation involves 
autosegmental spreading. For under such a view, as discussed 
earlier, a geminate resulting from assimilation cannot be split up 
by the insertion of a vowel phoneme. 

The forms in (lc) also fail to undergo the /i/-epenthesis 
rule even though, given their underlying representations in (16), 
it would appear that the environment for the rule is met since 
there are two adjacent C-slots on the CV-tier. 



(16) 



C V 

I I 

t a 



C V C 

I I I 

t o b 

I I 

[+labl f+ant-i 
l+cor J 



b. 



+ C V 

i I 

t a 



C V c 

I I I 

y o m 

i i 

[+labjr +ant-i 
l.+cor J 



C V C + C V 

III II 

sin t a 

I I 

r+antj r+ant] 
1,+corJ L+cor J 



While the forms in (16) do not undergo total assimilation (unlike 
the forms in (12)), they do undergo place of articulation 
assimilation. Specifically, the forms in (16a) and (16b) undergo 
what can be termed "Labial Assimilation". This converts a labial 
to a dental before a suffix-initial /t/. The rule of labial 
assimilation is shown in (17). 



(17) C + C 

I I 

t 

J 

t+labiall r +anteriorl 
L+coronal * 



CV-tier 
Phoneme tier 
Place tier 



The application of this rule to the forms in (16a) and (16b) is 
shown in (18). (Ve ignore here additional rules of voicing 
assimilation and nasalization.) 



(18) 



C V C + C V 

III II 

t o b t a 

#7- J 

l+labjr+ant*] 
L+corJ 



b. 



C V 

I I 

t a 



C V C 

I I I 

y o m 

l+iabif+ant] 
I +cor J 



CV-tier 
Phoneme tier 
Place tier 



Now, given that the output of Labial Assimilation is a partial 
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geminate in vhich the two consonants share the same place of 
articulation features, and given that the /i/-epenthesis rule 
inserts place of articulation features, it follows that the 
epenthesis rule could not apply to the forms in (18) for such 
would violate the constraint on crossing association lines. This 
is shown in (19). 

(19) CVC CV CVCVCV CV-tier 

III M ™> I I I I I I 
V 01 ? t a yon. da Phoneme tier 

[+lab]r+anti r+ant||*hi \ place tier 

l+ccrj l+corlUbackJ 

Thus, once again, viewing assimilation as being accomplished by 
autosegmental spreading leads to a straightforward account for the 
failure of epenthesis. The ruls of /i/-epenthesis inserts place 
features. The rule o£ Labial Assimilation creates a partial 
geminate involving place features. As seen in (19), the 
epenthesis rule cannot break up such a partial geminate without 
violating the constraint on crossing association lines. Ve 
consider this to be an advantage for the autosegmental analysis 
proposed here that it relates the failure of epenthesis with the 
application of assimilation. 

Finally, we must account for the failure of epenthesis to the 
form sinda in (16c). At first glance, it appears that epenthesis 
should apply inserting /i/ between the two adjacent consonants in 
sinda since no place assimilation seems to have occurred. 
Uowever, note that in the representation of sind a in (16c) the 
place features of the adjacent consonants are identical (both 
[+anterior, +coronal]). in order to account tor the failure of 
/i/-epenthesis in (16c), we assume that place assimilation does 
occur between the two adjacent consonants— perhaps due to the 
Obligatory Contour Principle (ie, a principle ruling out adjacent 
identical elements on the same tier; see McCarthy (1986) and Odden 
(1988) for discussion). This is illustrated in (20) (where 
voicing assimilation is ignored). 

(20) CVC + CV CVC CV CV-tier 

I I I M — > III II 
sin ta sin ta Phoneme tier 

I I *-...! 

1 +antij+ant* r +antr, -anti Place tier 

I +corJI +cor J L ♦cor-Ucor' 

The effects of place assimilation in (20) might seem vacuous, tout 
given that the output of assimilation is a partial geminate on the 
place tier, /i/-epenthesis cannot subsequently apply because its 
application would lead to a violation of the crossing lines 
constraint. This is shown in (21). <2> 
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(21) C V C V C V 



III I II 

sin • da 




r+antir+high] 
UcorJl-backJ 



Once again, ve see that, by viewing assimilation as being achieved 
by means of autosegmental spreading, a connection is made between 
the application of assimilation and the nonapplication of 
epen thesis. 

In summary, in this paper ve have considered one problematic 
aspect of Japanese verbal conjugation: namely, the question of 
why /i/-epenthesis only applies to verbal roots like in (Id) that 
end in /s/ t /k/, or /g/. Ve have argued that /i/-epenthesis 
applies to verb roots ending /s/, /k/, and /g/ because it is only 
these root-final consonants that do not undergo assimilation vith 
suffix-initial /t/. The application o'. either total assimilation 
of a final root consonant (as in lb) or place assimilation of a 
final root consonant (as in lc) creates a geminate structure (a 
full geminate in (lb) and a partial place geminate in (lc)). If 
assimilation is vieved as being achieved through autosegmental 
spreading, then epen thesis cannot apply into a geminate structure 
for doing such would violate the cr .sing lines constraint <3>. 
Thus epenthesis only occurs when assimilation has not. This 
connection between the application of assinilaJon and the failure 
of epenthesis is missed in other analyses of Japanese verbal 
morphology. 

Footnotes 

*The work of the second author vas supported by NIH Training 
Grant NS-07134-09 to Indiana University at Bloomington. Ve vish 
to thank Hike Hammond for comments and discussion. All errorr are 
the authors' responsibility. 

1. The evidence for the manner tier is not as strong as the 
evidence for the other tiers. Since nothing in this paper 
crucially depends on whether or not manner features are grouped 
together on one tier, we assume that they £.e for convenience. 

2. Note that under our analysis place assimilation like that in 
(20) would seem to apply to a root-final /s/ and a suffix-initial 
/t/ since both these phonemes are J ♦anterior, ♦coronal]. However, 
no such assimilation occurs. In order to account for this lack of 
assimilation, we note (as does Aoki 1981)) that /s/ and /t/ do not 
actually have the same place of articulation; /s/ is alveolar 
while /t/ is dental. So, while bot^ /s/ and /t/ are (♦anterior, 
♦coronal), they differ in the feature (distributed) which is 
considered to be a place or articulation feature in Sagey (1986) 
and Steriade (1937). The dental /t/ is [♦distributed] and the 
alveolar /s/ is [-distributed]. Alternatively, we could specify 
that place assimilation onl" :curs between two phonemes that are 
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both [-continuant]. 

3- ^ We should point out that the application of progressive 
voicing assimilation to the form /kag + ta/ (phonetically [kaida]} 
in (Id) does not block /i/-epenthesis. After voicing assimilatior 
has applied to the /t/ in /kag + ta/ there is a partial geminati 
on the laryngeal tier, as shown in (i). (We place the laryngeal 
above the CV-tier since we are unable to diagram the 
representation three dimensionally. ) 



♦voice 

r - 

C V C + C V 

I I 

-anti*. +ant7 
-cor; +cor J 



Laryngeal tier 
CV-tier 
Place tier 



Since /i/-epenthesis does not refer to elements on the laryngeal 
tier, it can apply without violating tne constraint on crossing 
association lines. This is shown in lii). 



(ii) +voi'". Laryngeal tier 

'C V CV-tier 




i-anti|+hi Jf+ant 1 Place tier 

l-cor-.-back'.+cor . 



An assumption made here is that vowels need not be specified for 
the feature [voice] because voicing values are predictable for 
vowels in Japanese. 
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